Abstract: The results of the investigations of the physical mechanical and operational characteristics of the multicomponent (Ti,Zr)N coatings, generated by physical vapor deposition from the separated plasma flows are presented.
INTRODUCTION
Nowadays the development of new ways of different materials surface properties improving is the main direction in progress of the modern mechanical engineering, motor-car construction and woodworking industry. The surface of the cutting tools, machines and mechanisms is known to be exposed to different intensive destruction impacts [1] . Therefore, one of the promising ways of the products long-life increasing is their wear-resistance improvement, and it can be achieved by plasma technologies of the surface modification, allowing to control the composition, structure and physical mechanical properties of the materials surface layers.
MATERIALS AND METHODS
The modernized vacuum-arc plant of the wear-resistance multicomponent coatings deposition, equipped by Y-shaped plasma filter and magnetic solenoid system was applied in this work [2] . The zirconium and titanium vacuum-arc evaporators were used for the multicomponent coatings deposition. The element composition was controlled by the zirconium arc current changing (40-80 A), while the other technological parameters (titanium arc current, substrate bias, partial nitrogen pressure, deposition time) were constant.
The morphology and structure of the deposited coatings were studied by means of transparent electron microscope S-4800 Hitachi. The element concentration in the coatings composition was determined by the microanalyzer JXA-8500F. The phase composition of the multicomponent coatings were studied by X-ray diffractometer ДРОН-3М in the Cu-Kα radiation (λ=0,15418 nm).
Microhardness was measured by microindenter Duramin under 0.25N load. The friction factor of the deposited coatings was measured by means of the tribo-test device in the open air without any lubricant (counter body HB = 200 МPа). Adhesion strength was determined by scratch-tester JLST022 (J&L Tech). The specific volume wear was chosen to be as a parameter, characterizing the coatings wear and it was calculated according to [3] .
RESULTS AND DISCUSSIONS
The transmission efficiency of the separated system was determined by the relation of the separator exit material mass to the separator entrance material mass (table 1). The transmission efficiency for the multicomponent coatings (Ti,Zr)N has little influence on the arc current discharge due to practically erosion cathodes rate equality of the titanium and zirconium and is approximately 12%.
The separation system application allowed to decrease 1-5 µm sized defects of the deposited coatings up to 5,6 times for TiN and up to 4,3 times for (Ti,Zr)N ( figure 1 a) . The morphology investigation of the deposited coatings showed, that the coatings surface is characterized by the fine-grained structure ( figure 1 b, c) . As a result of carried out experiments is found, that solid solution Ti1-хZrхN on the base of cubic lattice of structural type NaCl is the main crystal component for the (Ti,Zr)N coatings in no dependence on the zirconium concentration. The reflection intensity from the crystal plane (111) has a clearlyexpressed peak for the multicomponent coatings (Ti,Zr)N at all zirconium concentrations. Lattice parameter of (Ti,Zr)N coatings rises from 0,4288 to 0,4456 nm with zirconium concentration increase, since zirconium atomic radius (0,160 nm) is higher than titanium atomic radius and the Ti1-хZrхN solid solution formation on the base of TiN takes place. It's found, that the addition of the alloying element (zirconium) in the TiN coating leads to the crystallite size decrease to 6-9 nm for the investigated zirconium concentration range (4-21 at. %) of the multicomponent coatings (table 2). The microhardness of the multicomponent (Ti,Zr)N coatings heightened up to 37 GPa with zirconium concentration increasing (figure 2), and it's attributed to the grain structure fragmentation of the coating material. The friction factor investigations of the (Ti,Zr)N coatings under different zirconium concentration allowed to find out its optimal concentration range in the coatings composition (11-17 at.%) ( figure  3 ), what is apparently connected with maximal hardness values and minimal residual stress for the given concentration range.
1 -TiN, 2 -(Ti,Zr)N (7 at. % Zr), 3 -(Ti,Zr)N (11 at. % Zr), 4 -(Ti,Zr)N (17 at. % Zr), 5 -(Ti,Zr)N (21 at. % Zr) Figure 3 . The friction factor of the vacuum arc coated cutting plates.
The analysis of the scratches of the multicomponent (Ti,Zr)N coatings is evidence of that cracks and chips are appeared under the load Р = 43,1 N, and it is confirmed by the amplitude rise of the acoustic emission and friction factor (figure 4). As it should be from the wear diagrams, the multicomponent (Ti,Zr)N coatings, deposited from the separated plasma flows provides the substrate surface wear decreasing more than 3,5 times (figure 6). Besides, the multicomponent (Ti,Zr)N coatings with zirconium concentration in the coatings composition (11-17 at. %) has the best wear resistance.
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CONCLUSIONS
The way of generation of the multicomponent (Ti,Zr)N coatings from the separated plasma flows, characterized by microcell structure and uniform elements distribution into depth is suggested. The influence of the alloying element (Zr) on the structural characteristics and physical and mechanical properties of the multicomponent coatings is found. It's determined, that microhardness of the multicomponent coatings (Ti,Zr)N increases up to 37 GPa, friction factor decreases to 0,45 and specific volume wear is 3,8 times lower in comparison with TiN coatings under the optimal technological deposition parameters.
